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Accurate and reproducible measurements of the concentrations of human genomic DNA samples are essential to achieve reliable results obtained by PCR and genomic sequencing methods (1) . Accurate determination of the concentration of human genomic DNA is an essential task, but to achieve it requires an understanding of the limitations of the methods used and the sample preparation methods needed to achieve reproducible results. This task is complicated by the chemical and physical complexity of genomic DNA and the different methods used to prepare the samples. Storage conditions can change the physical properties of the materials, which can influence how the samples behave with different measurement methods (2) .
Nucleic acid concentrations are routinely measured by absorbance, fluorescent dye-binding, and digital PCR methods. The simplest and most rapid method is arguably direct absorbance measurements of nucleic acids at 260 nm using relatively simple instruments (3) (4) (5) . New spectrophotometers that utilize short pathlengths can measure the absorbance of microliter sized samples to conserve samples. Sensitive assays (compared to absorbance methods) using fluorescent dyes have been developed to specifically measure double-stranded or singlestranded nucleic acids. Digital PCR is rapidly becoming an important method because of its sensitivity, specificity, and dynamic range for a variety of nucleic acid samples (6) . Researchers are investigating digital PCR to determine the best ways to reliably quantify the concentration of DNA samples. The accessibility of some human genomic DNA targets can be increased by restriction enzyme fragmentation, but treatments can also reduce the number of targets in some cases (7) . NIST has developed methods to more accurately measure the targets per volume (8) and the droplet volumes (9) . Control samples and reference materials are necessary to ensure that the sample processing, analytical methods, and instruments are working correctly (7, 8, 10, 11) .
DNA derived from human cell lines that have been modified to immortalize the cells are renewable sources of materials. The NIST-led public-private consortium, Genome in a Bottle, is developing human
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METHOD SUMMARY
Here, we present guidance for achieving reproducible measurements of human genomic DNA and oligonucleotide concentrations and review the advantages and pitfalls of the different measurement methods commonly used.
Limitations of methods for measuring the concentration of human genomic DNA and oligonucleotide samples
We compared different methods (absorbance, fluorescent dye-binding, and digital PCR) for measuring the concentrations of human genomic DNA from cultured cells and absorbance measurements of a synthetic DNA oligonucleotide. NIST Standard Reference Material (SRM) 2082, a pathlength absorbance standard, was used to benchmark the absorbance measurements done with microvolume spectrophotometers and a microvolume plate reader. Control absorbance values were measured on a high accuracy spectrophotometer and a NIST calibrated pathlength cuvette. Measurements of the human genomic DNA sample were done with several types of fluorescent dye binding assays using different DNA calibrators. The fluorescent dye binding methods gave different results for genomic DNA depending upon the type of DNA calibrator and the fluorescent dye that was used. The human genomic DNA sample was also characterized by using six different droplet digital PCR assays (amplicons located on different chromosomes) to measure the average copy number. Conversion of the digital PCR data to copy numbers was sensitive to the droplet size used for calculations and conversion to mass concentration was dependent upon the molecular weight of the human genome used for the calculations. The results from the different methods were compared and the caveats for each measurement method were discussed.
genomic DNA reference materials (derived from cell lines) as well-annotated reference materials for benchmarking DNA sequencing methods (12) .
Our goals in this study were to compare the different methods for measuring the concentration of nucleic acids for in-house DNA control materials and to identify the sources of variability in these m easurements.
Materials and Methods
Samples
A DNA oligonucleotide (10 micromole scale) was ordered from Eurofins MWG Operon LLC (Louisville, KY) with the sequence of TCCTCAAGGCTAGCACTGTTC (21 bases, 52.4 % GC content) and a molecular weight of 6,357.2. The dried salt-free oligonucleotide was dissolved in 50 ml of a buffer composed of 10 mmol/L TRIS 1 mmol/L EDTA pH 8.0 (TE buffer) to make samples referred to as the high concentration oligonucleotide (Oligo High). A portion of the Oligo High sample (10 ml) was diluted to a final volume of 40 ml using TE buffer to produce the solution (Oligo Low). The oligonucleotide samples were dispensed into tubes and stored at -20°C. These samples were brought to ambient temperature (approximately 30 min.) and then mixed by vortexing to achieve a uniform solution. The thawed samples can be kept at 4°C for at least 1 month.
Human genomic DNA (gDNA) was obtained from Coriell Institute for Medical Research (Camden, NJ). The purified male human DNA (NA24385) was produced from cell line GM24385 by Coriell Institute for Medical Research. The NIST Human Subject Protection Office reviewed and approved the use of this human cell line derived material. NIST reference material (RM) 8391 is produced from the same cell line source, but our samples were obtained directly from Coriell Institute for Medical Research. The concentrated DNA stock solution was diluted tenfold with TE buffer and the resulting solutions (approximately 50 µg/ml) were distributed into individual tubes (0.05 ml) and stored at 4°C. The sample was gently mixed to aid in obtaining uniform measurements.
Reference values of SRM 2082, human genomic DNA, and synthetic oligonucleotides NIST Standard Reference Material (SRM) 2082 has three solutions: a blank consisting of 10 mmol/L 2-amino-2-hydroxymethylpropane-1,3 diol, pH 8.0 buffer (TRIS buffer); tryptophan in TRIS buffer; and uracil in TRIS buffer. SRM 2082 was stored at -20°C. It was brought to ambient temperature by placing the vials at room temperature (approximately 30 min) and then suspended by inversion of the vials at least 20 times to ensure a uniform solution. The suspended solutions can be stored at 4°C for at least 3 months. The reference values of the tryptophan and uracil solution of NIST SRM 2082 were measured using NIST calibrated cuvettes (0.1 mm to 2 mm) using a Cary 6000i dual beam spectrophotometer with a spectral bandwidth of 0.8 nm and a temperature of 22°C (13) . Samples were scanned from 340 nm to 240 nm (1 nm resolution) and the buffer blanks were subtracted from the samples. The absorbance values for the Oligo Low concentration, the Oligo High concentration, and the human genomic DNA (gDNA) samples were measured using three separate samples in NIST calibrated cuvettes (0.5115 mm) at a temperature of 22°C and spectral band width of 0.8 nm on a Cary 6000i spectrophotometer and a Perkin Elmer Lambda 900 s pectrophotometer.
Microvolume spectrophotometers and cuvettes
The samples were run on different microliter volume (MV) spectrophotometers, including a Nanodrop One C (Thermo Scientific, Willington, DE, USA), UV5Nano (Mettler Toledo, Columbus, OH, USA), and NanoPhometer NP-80 (IMPLEN, Westlake Village, CA, USA). The instruments were operated at ambient temperature (22°C) using the default settings. The MV spectrophotometers were checked to ensure that they were operating according to the specifications of the manufacturer.
A BioTek Synergy MX plate reader with a Take3 microvolume plate was used according to the operations and calibration procedures provide by the manufacturer. A basic system test was run and evaluated to confirm full operation of the reader's motors, lamp, the PMT, and various subsystems. A calibrated absorbance test plate was used to confirm mechanical alignment, including optical density accuracy, linearity, repeatability, and wavelength accuracy. An absorbance liquid test was performed to confirm repeatability and alignment of the reader when a solution is used in a microplate. Briefly, 2 µl of respective buffer was loaded onto the microspot slide and blanked. Both the microspot slide and top slide were cleaned using a dry laboratory wipe and DI water. Samples of interest were loaded onto the microspot slide and absorbance measured using the recommended wavelengths relative to sample type. All (Excitation 502 nm and Emission 523 nm, 0.1 ng to 100 ng) was used with the compact fluorimeter (Qubit 3.0, Thermo Fisher Scientific). The Biotium kits were supplied with calf thymus DNA samples as the standard.
Quantification of RNA Possible RNA contamination in the purified genomic DNA was assessed using the compact fluorimeter (Qbit 3.0). A Qubit ® RNA HS (high sensitivity, 5 ng to 100 ng) Assay Kit (Cat# Q32852, Thermo Fisher Scientific) was used according to the manufacturer's protocols. Briefly, 190 μl of a Qubit working solution was added to each 0.5 ml Qubit assay tube and then 10 μl of each standard or unknown DNA sample was added and mixed. RNA standards (0 ng and 10 ng, supplied by the kit manufacturer) in TE buffer were used as standards.
Genomic DNA size determination
The size of purified genomic DNA was evaluated using a Fragment Analyzer Automated CE System (AATI, Ankeny, IA, USA) with a High Sensitivity Large Fragment 50 Kb Analysis Kit (Cat# DNF464, AATI). A 2 μl (1 ng/μl) genomic DNA sample was loaded into each well and used to determine the size distribution according to the manufacturer's software.
Quantification of DNA using droplet dPCR
The sequences of the primers and probes for the digital PCR assays developed at NIST for measuring EGFR, MET, EIF5B, DCK, PMM1, and RPS27A gene copies, and chromosomal locations are shown in Table 1 . The amplicon lengths and % GC contents of the amplicons for the gene targets EGFR, MET, EIF5B, DCK, PMM1, and RPS27A are 112 base pairs (40.2%), 91 base pairs (47.3%), 112 base pairs (45.5%), 122 base pairs (43.4%), 78 base pairs (53.8%), and 97 base pairs (43.3%), respectively. A QX200 Droplet Digital PCR system (Bio-Rad, Pleasanton, CA, USA) was used. The TaqMan PCR reaction mixture consists of 1x Droplet dPCR Supermix for probes (no dUTP, Bio-Rad), 900 nmol/L primers, and 250 nmol/L probe (final concentrations), and approximately 20 ng of genomic DNA template or non-template control in a total volume of 25 μl. 20 µl of the 25 µl droplet dPCR reaction mixture was transferred to the droplet generator DG8 cartridge. After droplet generation, 40 μl of the generated droplet emulsion was transferred to a new 96-well PCR plate (Eppendorf). The plate was placed on an Applied Biosystems ProFlex PCR System and amplified using the following thermal cycling conditions: 95°C for 10 min, followed by 40 cycles of 94°C for 30 s and 60°C for 1 min, then 98°C for 10 min, with the temperature ramp rate at 50% (2°C/second). After PCR, the 96-well PCR plate was loaded onto the QX200 droplet digital reader. The results are calculated in copies/µl based on a Poisson distribution curve using QuantaSoft software (ver 1.7.4.0917) with a droplet size of 0.85 nl. NIST measurements on the droplet size formed with the BioRad Supermix for probes (no dUTP) had a value of 0.7681 nl (expanded uncertainty 2.3%, k=2) with the method described in a NIST Special Publication 260-184 (9). More recent measurements using the same method and type of master mix but a different lot of master mix had a value 0.7349 nl (expanded uncertainty 2.3%, k = 2) (14) . Additional measurements are in progress. A one-way ANOVA was performed on the data to test the hypothesis that the average mean values across the digital PCR assays were equal. A NewmanKeuls multiple comparison test was used to perform pairwise comparisons. Statistics were performed using WINKS SDA Software (Texasoft, Cedar Hill, TX, USA). Statistical decisions were made at p = 0.05. The mean copy numbers and standard deviations for the DCK, EGFR, EIF5B, MET, PMM1, and the RP27A assays were 16,366. The amount of mitochondrial DNA present in the human genomic DNA sample was determined using droplet digital PCR assays. Two assays for Table 2 . Absorbance control values of the samples at 1 cm pathlength measured using a high accuracy dual beam spectrophometer at 22°C and 0.8 nm spectral bandwidth. The values in the parentheses are CV (%) of the mean from N = 9 (genomic DNA) and N = 4 (oligoncleotide samples), except for the *SRM 2082 components that are the standard uncertainties calculated as described in the NIST certificate of analysis (https://www.nist.gov/srm) calcuated using extensive measurements.
nuclear genomic DNA were NEIF and ND6 (7) and two assays for mitochondrial DNA assays were mtND1 and mtBatz (15, 16) . The annealing temperature used was 62°C. At this temperature the mitochondrial assays amplify mitochondrial DNA only. The ratios of mitochondrial DNA copies to nuclear DNA copies were calculated from the results of these assays.
Results and Discussion
Absorbance values of the samples
The control absorbance values for the human genomic DNA, the Oligo Low concentration, and the Oligo High concentration samples were measured using high accuracy dual-beam spectrophotometers, a 0.5115 mm cuvette, and normalized to 1 cm ( Table 2) . The values for the tryptophan and uracil solutions (SRM 2082) are the NIST-certified values normalized to a 1 cm pathlength (13) . The ratio of absorbance at 260 nm to 280 nm provides a measure of purity for genomic DNA samples (17) . The value for the 260 nm to 280 nm ratio for the human genomic DNA sample was in the recommended range ( Table 2 ). The absorbance spectrum of the uracil component of SRM 2082, the human genomic DNA sample, and the synthetic DNA oligonucleotide sample are compared in Figure 1 . The samples were measured using the microvolume (MV) spectrophotometers and a MV 16-well plate in a plate reader. The absorbance values of the samples were calculated as percentages of the control values (Table 2 ) to facilitate comparison of the different samples ( Figure  2 ). The average absorbance values and coefficients of variation (CV, percentage) for the MV spectrophotometers and the MV plate reader for the three days of measurements (shown in Figure 2 ) are summarized in Table 3 . The MV spectrophotometers and the MV plate reader gave coefficients of variation in the range of 0.5% to 2% for the tryptophan, uracil, and oligonucleotide samples, and agreement with the control or reference values had a similar range of 1% to 2%. The results with the high accuracy dual-beam spectrophotometers had coefficients of variation at 0.2% or lower for the components of SRM 2082 and the oligonucleotide samples.
However, the human genomic DNA sample had CVs in the range of 2% to 5% for both the MV instruments and the dual-beam spectrophotometer (Tables 2  and 3 ). One reason for this higher CV is that the absorbance of the human genomic DNA sample (0.05 at 0.5 mm pathlength) is below the optimal range for absorbance measurements. The complexity of the high molecular weight human genomic DNA samples makes quantitation difficult. The size of the human genomic DNA sample had a mean value of approximately 43,000 base pairs (data not shown). Human DNA molecules are highly complex with regions that are highly repetitive or enriched in GC, resulting in a complex heterogenous analytical target. The absorbance values for the different instruments and the resulting mass concentrations are summarized in Table 4 .
SRM 2082 is a standard designed to measure short pathlengths for cuvettes and spectrophotometer instruments. We did an additional set of experiments using the tryptophan and uracil components of SRM 2082 to determine the pathlengths of the 16-well microvolume plate (approximately 0.5 mm) using a plate reader instrument. Three sets of tryptophan and uracil sample measurements were done on three separate days and used to calculate the pathlengths of each of the 16 wells in the MV plate. The pathlengths calculated using the tryptophan, uracil, and the average of the two values were compared to the default (factory) measured pathlength values for measurements of the oligonucleotide samples. Figure 3 shows the values for the low and high concentration oligonucleotide samples that were calculated using the different pathlength values. The day to day average of the oligonucleotide measurements (each day N = 48) and the CVs for each day are in the range of 0.8% to 3%. The calibrations using the tryptophan values are similar to the factory values and the uracil values were lower. The calibrations obtained using the components of Vol. Table 4 .) The high sensitivity Qubit assay with the lambda standard or a calf thymus standard showed values that were closer. An AccuGreen assay was used with the supplied calf thymus standard (single point calibration); the compact fluorimeter gave mass concentration results that were comparable to the absorbance values (Table 4 ). The compact fluorimeter uses a single point calibration, but when we used a dilution series with the supplied standard, the assays gave linear results (results not shown).
We also used two AccuBlue HiRange dye binding assays (A and B, Table 4 ) with a fluorescent plate reader. The mass concentration values for the human gDNA samples differed by approximately 9 %. (Comparison of the two values using an unpaired t test resulted in a p-value of less than 0.05). Serial dilutions of the supplied calf thymus standards provided by the kit manufacturers gave linear results for both assays (results not shown). An AccuClear assay was also used with the fluorescent plate reader. The AccuClear assay gave linear results with a dilution series of the manufacturer supplied calf thymus DNA, but the values were lower compared to the other assays ( Table 4) . The difference between the fluorescent dye binding assays using calf thymus calibration was approximately 14%.
The results from the assays could be due to differences in the way that the fluorescent dyes interact with human genomic DNA and calf thymus DNA. The GC content of the human genome is approximately 41%, however the distribution of GC content is not uniform (21) . The intensity of PicoGreen fluorescence has been shown to be the same when bound to poly(dA)·poly(dT) and poly(dG)·poly(dC) homopolymers (22) . The GC content and complexity of the standard used for an assay should match the target. In the case of human DNA measurements, a standard consisting of well-characterized human DNA would be best. We cannot rule out that differences in the quantitation of the dye-binding assays may be due the way the dyes interact with the calf thymus and human DNA, but a likely explanation is that the values of the standard samples supplied with the kits to calibrate the assay are the source of the differences. We did not attempt to characterize the standard materials included in the kits as standards and used them at the manufacture's supplied values.
We also tested the human genomic DNA sample for the presence of RNA. The genomic DNA sample and a sample of the tenfold concentrated stock of the same genomic DNA did not contain detectable amounts of RNA (results not shown).
Droplet digital PCR measurements
Human genomic DNA samples were analyzed by six different digital PCR assays that target different chromosomal locations (Table 1 ). These assays were developed for the certification of NIST cancer biomarker standards (23, 24) . The calculation of copy number measurements from droplet digital PCR requires an accurate measurement of the droplet size. A droplet size (0.7681 nl, uncertainty 2.3%, k=2) was previously published (9), but a more recent measurement using the same measurement method but a different lot of master mix had droplet sizes of 0.7349 nl (uncertainty 2.3 % k=2) (14) , showing the effect of different reaction conditions on the resulting droplet size. The effect of droplet size on the resulting calculated DNA mass concentrations using the manufacture's default droplet size (0.85 nl), the 0.7681 nl value, and the most recent NIST value (0.7349 nl) are in Table 5 . The decreased droplet sizes resulted in an increase in the calculated copy number of approximately 16% (Table 5 ). Figure 4 shows the copy number results of the six digital PCR assays calculated using the NIST measured droplet sizes. An ANOVA test and a Newman-Keuls multiple comparison test were used to perform pairwise comparisons (p = 0.05, significance level) between the assay data to determine specific pairwise differences. Based on this analysis, the MET, DCK, and the EIF5B assays had statistically comparable results, while the PMM1 and RPS27A assay results were statistically higher and the EGFR results were statistically lower compared with the other assays. The results from the MET, DCK, and EIF5B * The mass concentrations were calculated using the assumption that 1 Absorbance Unit at 260 nm and 1 cm pathlength equals 50 ng/µl. The values in the parentheses are 1 standard deviation. **The DNA sample was denatured by adding an equal volume of 0.4 mol/L NaOH and converted to mass by multiplying a dilution factor of 2 with the assumption that 1 Absorbance Unit at 260 nm and 1 cm pathlength equals 37 ng/µl. *** Calculated using the assumptions shown in Table 5 . assays were used to calculate the resulting mass concentration values for the human genomic DNA sample (Tables 4 and 5 ).
To calculate a mass concentration from the droplet digital PCR data also requires an accurate measurement of the molecular weight of the human genome. The latest estimate of the average size of the human haploid genome based on the sequences of the individual chromosomes is 3.01 x 10 9 base pairs (25, 26) . Conversion of the genome size to pg of DNA was done using the average molecular weight of 660 for a DNA base pair. This value was calculated using the average molecular weights of the deoxy-nucleotides (27) by adding the molecular weight of two sodium atoms, subtracting the molecular weight of two hydrogens, and subtracting the molecular weights of one water molecule due to the formation of the DNA chain (27) . This value is higher than the molecular weight frequently used, but it is reasonable that the DNA precipitated from solution with the sodium salt used in the solutions. Using these values for human genome size and average base pair molecular weight, the mass of the average human haploid genome was calculated to be approximately 3.3 pg.
The mass of the human genomic DNA sample will also contain the contribution from mitochondrial DNA since the DNA was extracted from whole cells grown in culture. The copy number ratio of the mitochondrial DNA to genomic DNA in the sample was 321.9 (standard deviation 4.5) based on the ratio of the two droplet PCR assays for a mitochondrial marker and a nuclear DNA marker. The size of the human mitochondrial genome is 16,569 base pairs (28) . Compared to one copy of the genomic DNA (3.01 billion base pairs), adding 322 copies of the mitochondrial DNA to the extracted DNA would only add 0.16 % of the mass of the nuclear genome, so the contribution of mitochondrial DNA to the mass concentration of the human genomic DNA sample was not significant.
An important consideration for the measurement methods is the physical form of the DNA. Single-stranded DNA has a different UV absorbance extinction coefficient than double-stranded DNA. Also fluorescent DNA dye binding assays are specific for single-or double-stranded nucleic acids, and when double-stranded DNA is converted to the single-stranded form, the copy numbers will double when analyzed by digital PCR. NIST SRM 2372, a human DNA quantitation standard designed for forensic applications, was recertified because the absorbance had increased over years of storage conditions, but the mass of the DNA had not changed, indicating a small amount of single-stranded DNA in the samples resulting in the small increase in absorbance (29 The values in parentheses are 1 standard deviation of the data from the MET, DCK, and EIF5B gene assays (data shown in Figure 4 ). The average haploid genome mass was calculated using an average molecular weight of the base pairs of 660, as detailed in the text. *The droplet sizes were measured at NIST as described in the text (9,14). samples were prepared by converting the p redominately double-stranded DNA to entirely single-stranded form by denaturation in NaOH, and using the conversion factor that 1 absorbance unit at 260 nm and 1 cm pathlength equals 37 ng/µl, resulting in agreement with the quantitative PCR assays (29) . The absorbance values for the human genomic DNA sample used in this study gave consistent mass concentration values for the native samples and the sample denatured by NaOH (Table 4) . Absorbance measurements of human genomic DNA and synthetic oligonucleotides can be done quickly and directly with spectrophotometers that are readily calibrated. The main caveat with absorbance measurements is that the nucleic acid samples must be purified to remove interfering materials. SRM 2082 has significant advantages over potassium dichromate-based absorbance standards for measuring absorbance pathlengths. Potassium dichromate is highly toxic and classified as a human carcinogen (30) . The components of SRM 2082 are non-toxic, relatively stable (at least 3 months at 4°C and years at -20°C), and their spectra are close to the most commonly used analytes, proteins, and nucleic acids.
The PicoGreen assay was shown to be susceptible to interference by transfer RNA, proteins, and some organic contaminants (5) , and this assay was found to be sensitive to the molecular weight (degradation) of the DNA target (5, 31) . A major caveat is that the fluorescent dye binding assays require nucleic acid standards that match the samples being measured. Calf thymus DNA (31) and salmon testis DNA (5) are commonly used as standards for human genomic DNA. The double-stranded 48,502 base pair DNA from bacteriophage lambda (32), has been proposed as a standard for traceability to the International System of Units (10) . The copy number measurements (determined by digital PCR) of different lots of lambda DNA were compared to UV absorbance and PicoGreen measurements (10) . They showed that the copy number measurements could be used for an accurate estimation of the mass concentration of the lambda DNA samples (10) . However, lambda DNA is not a good model for the complexity of the human genomic DNA samples.
Digital PCR has the advantages of increased sensitivity and specificity compared to the absorbance and fluorescent dye binding methods. The major caveats of using digital PCR are that the assays used will only measure intact and accessible targets, the presence of single-stranded versus double-stranded DNA should be known, and the samples must be free of PCR inhibitors. Measuring "absolute" concentration using digital PCR requires an accurate determination of the droplet size measured using the same conditions. Recent measurements have shown the importance of accurate measurements of the droplet size to calculate copy numbers and the effects of the reaction conditions (including different lots and types master mix) (9, 14) and the mode of droplet formation (33) on the resulting droplet sizes. The use of digital PCR for concentration measurements requires more expensive instruments, additional labor, and the reagents and assays used must be adequately validated to ensure specificity and efficiency. However with care, digital PCR technology has the potential to be used for traceable measurements to the International System of Units for DNA mass measurements (8) . Our measurements in this study with the digital PCR assays had CVs that were approximately 5%. However, conversion to mass concentrations also requires accurate measurements of the droplet size values and the molecular weight of the human genome.
This study shows that absorbance measurements with the new generation of MV spectrophotometers, plate readers, and short pathlengths yield reliable results for nucleic acid samples that are free of contaminants. Fluorescent dye binding assays have increased sensitivity and tolerance of some contaminants. (This should be confirmed.) We realize that the DNA samples used for many applications may be degraded in molecular weight, such as circulating cell-free DNA. We are currently developing DNA materials that can be used to test the DNA quantitation of degraded samples, which will be the subject of further studies.
The MV spectrophotometers and plate reader have absorbance measurements that are sufficiently reproducible and accurate for many applications. The MV instruments have the significant advantages of using small amounts of valuable samples, the measurements are rapid, and they require minimal sample preparation. NIST SRM 2082 is a useful standard to benchmark absorbance measurements to ensure reproducible results.
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